INTRODUCTION {#s1}
============

The upper, middle, and lower trapezius (UT, MT, LT) and serratus anterior (SA) muscles generate upward rotation of the scapula[@r1]^)^. These muscles largely contribute to normal scapular movements during arm elevation[@r2]^)^. Therefore, studies have investigated exercise methods to activate these muscles[@r1], [@r2]^)^. Shoulder abduction is most commonly used to activate the UT, MT, LT, and SA. Because 90--120°of shoulder abduction creates the greatest external moment, the highest level of resistance is usually applied at that angle[@r1]^)^. Therefore, exercises are frequently performed in this position.1,2 In addition, 120° of shoulder abduction is commonly used for the SA[@r3], [@r4]^)^. In clinical practice, however, many patients have a limited ability to achieve a 90° or higher range of motion (ROM) in shoulder abduction, which often makes it difficult to perform these exercises[@r2], [@r5]^)^. Kinematic analyses have shown that external moments at 60° and 120° of shoulder abduction are similar[@r1]^)^. Therefore, we measured the activities of the UT, MT, LT, and SA during shoulder abduction at both of these angles and compared their degrees of isolation.

SUBJECTS AND METHODS {#s2}
====================

This study enrolled 10 males (mean age 28.0 ± 2.8 years; mean height 174.4 ± 7.0 cm; mean weight 70.7 ± 8.5 kg) with no history of musculoskeletal or neurological disorders. The study purpose and methods were explained to the subjects, who provided informed consent according to the principles of the Declaration of Helsinki before participating. Electromyography (EMG) activity was recorded using a surface MP150 (BIOPAC Systems, Santa Barbara, CA, USA). The tester measured the UT, MT, LT, and SA muscles. The EMG data were normalized to the maximum voluntary isometric contraction. The isolation ratio of each muscle was calculated using the following formula: Isolation ratio (%) = UT or MT or LT or SA / (UT + MT + LT + SA) × 100%. The subjects were wearing a 3 kg weight cuff and sitting upright. In the scapular plane, 60° and 120° of shoulder abduction were each maintained for 5 s. A horizontal bar was used to indicate the scapular plane and a vertical bar was used to gauge shoulder abduction of 60° and 120°. The average muscle activity in the middle 3 s was used. The data were analyzed using SPSS for Windows ver. 20.0 (SPSS, Chicago, IL, USA). The paired t-test was used to assess differences in the muscles activities between the two exercises, with the significance level set at α=0.05.

RESULTS {#s3}
=======

The UT isolation ratio of shoulder abduction 60 degrees (34.5 ± 8.4%) was not significantly different from that of the shoulder abduction 120 degrees (33.6 ± 7.1%) (p\>0.05). The LT isolation ratio of shoulder abduction 60 degrees (22.0 ± 5.7%) was not significantly different from that of the shoulder abduction 120 degrees (22.7 ± 5.5%) (p\>0.05). The MT isolation ratio of shoulder abduction 60 degrees (19.8 ± 3.7%) was significantly higher than that of the shoulder abduction 120 degrees (13.8 ± 2.8%) (p\<0.05). The SA isolation ratio of shoulder abduction 120 degrees (28.2 ± 4.4%) was significantly higher than that of the shoulder abduction 60 degrees (21.5 ± 6.0%) (p\<0.05).

DISCUSSION {#s4}
==========

This study did not find any significant differences between the UT and LT isolation ratios at 60° and 120° of abduction. The MT isolation ratio showed greater muscle activity at 60° than at 120°. The MT retracts the protracted scapula, and is often weak in people who frequently work in positions with a head-forward posture[@r1], [@r3]^)^. This muscle isolation ratio also aids scapula upward rotation with greater activation in the initial stage around 60° of ROM. Based on our results, the UT, LT, and MT can be sufficiently strengthened at a low range of angles. Therefore, patients who cannot achieve a sufficient ROM due to pain can obtain the same effects of exercising at 120° of ROM at around 60° of ROM. Using this information it might be possible to devise novel muscle-strengthening exercises that do not require a large ROM. In comparison, the SA showed greater isolation ratio at 120° than at 60°, in accordance with many previous studies[@r3],[@r4],[@r5]^)^.

This study had some limitations. It was based on a small number subjects and male subjects only. Therefore, additional studies should compare the muscle activities of other joints at angles at the initial and late stages of movement in a wider variety of subjects. Such studies might lead to further research on the minimization of the decline in muscle strength due to a limited ROM by exercising at less than the maximum ROM.
